Although the influence of p53 deficiency on somatic genetic stability is well established, its effect in the germline is poorly understood. Mutation rates at two expanded simple tandem repeat (ESTR) loci were studied in the germline of nonexposed and irradiated p53-deficient mice. Spontaneous mutation rates in the homozygous and heterozygous p53-deficient males did not significantly differ from that in the isogenic wild-type mice. Acute exposure to 1 Gy of X rays resulted in a similar increase in mutation rates across males with different p53 genotypes. ESTR mutation spectra did not significantly differ across males with different p53 genotypes. Taken together, these results suggest that p53-deficiency does not affect spontaneous and radiation-induced mutation in the mouse germline.
The accumulation of mutations in normal cells is dramatically reduced by cell-cycle arrest and apoptosis (Sancar et al., 2004; Zhivotovsky and Kroemer, 2004) . As the tumour-suppressor protein p53 plays a key role in the regulation of both processes (Vogelstein et al., 2000) , the frequent loss of p53 function in cancer cells could result in increased genetic instability. Indeed, some studies have shown that mutation rates in the p53-deficient cells are elevated (Morris, 2002) . The mechanisms of this type of instability are not clear and it has been suggested that the loss of p53 function may not only impair apoptosis and cell-cycle control but could also directly affect the efficiency of DNA repair (Zhivotovsky and Kroemer, 2004) . Over recent years, the p53 knockout (KO) mice have widely been used as a useful model for the analysis of the in vivo effects of p53 deficiency on genome stability in somatic cells. However, to date, very little is known about the effects of p53 deficiency on mutation rate in the germline, where this protein is fully functional (Beumer et al., 1998) . Here, using highly variable expanded simple tandem repeat (ESTR) loci we report that spontaneous and radiationinduced mutation rates in the p53 KO mice do not differ from those in the isogenic wild-type strain.
First, we have analysed mutation rates in the germline of male mice with different p53 genotypes. The p53 KO mice on (C57BL/6 Â 129/Sv) mixed background, developed by Donehower and Bradley (Donehower et al., 1992) , were used in this study. Isogenic wild-type (p53
) and homozygous (p53 À/À ) males were generated by mating the p53 þ /À KO parents. All control and irradiated males (1 Gy of whole-body acute X rays, 1 Gy min À1 ) were mated with untreated CBA/Ca females. The results of ANOVA analysis revealed the lack of significant effects of irradiation (F ¼ 2.38, df ¼ 1, 135, P ¼ 0.13) and p53 status (F ¼ 1.13, df ¼ 2, 135, P ¼ 0.33) on the litter size.
To ensure that ESTR mutants were derived from irradiated A s spermatogonia, the exposed males were mated 6 weeks after treatment (Searle, 1974) . The maternal CBA/Ca inbred strain of mice was chosen due to the nonoverlapping size range of alleles for both ESTR loci with that in mice with different p53 genotypes. This substantially facilitated mutation scoring and allowed unambiguous establishment of the parental origin of mutant bands. Table 1 presents a summary of mutation data. Spontaneous mutation rates in the p53 À/À and p53 þ /À males did not significantly differ from that in the wildtype p53
mice. Exposure to ionising radiation resulted in a similar two-to 2.5-fold increase in mutation rates across all males with different p53 genotypes.
The effects of p53 deficiency and radiation were further analysed by testing the homogeneity of ESTR mutation rates in males. The results of ANOVA analysis revealed that mutation rates differed significantly between nonirradiated and irradiated males (F ¼ 23.10, df ¼ 1, 42, P ¼ 2.0 Â 10 À5 ). In contrast, within exposed and nonexposed groups mutation rates remained similar between males with different p53 genotypes (F ¼ 0.33, df ¼ 2, 42, P ¼ 0.72; dose Â genotype interaction F ¼ 0.95, df ¼ 2, 42, P ¼ 0.39). Considering these data, we therefore conclude that the loss of p53 function does not affect spontaneous and radiation-induced mutation rates in the mouse germline.
We have previously studied ESTR mutation rates in the germline of severe combined immunodeficient (scid) and poly(ADP-ribose) polymerase (PARP-1 À/À ) deficient male mice (Barber et al., 2004) . scid mice carry a nonsense mutation in the catalytic subunit of DNAprotein kinase and are deficient in the early recognition and repair of double-strand breaks, whereas PARP-1 À/À mice are deficient in the early recognition and repair of single-strand breaks. In contrast to the p53 KO males, both deficient strains showed considerably elevated Figure 1 Spontaneous and radiation-induced ESTR mutation rates in the germline of wild type and knockout male mice. The 95% confidence intervals, CI for mutation rate, estimated from the Poisson distribution are shown. Data for scid mice and their isogenic wild-type C.B17 controls; PARP-1 þ / þ and PARP-1 À/À mice are taken from Barber et al. (2004) . Genomic DNA was extracted from tails. All parents and offspring were profiled using two mouse-specific hypervariable single-locus ESTR probes Ms6-hm and Hm-2. Mutation detection at the Ms6-hm locus was performed as described previously (Dubrova et al., 1998) . The Hm-2 locus was amplified using Expand High Fidelity PCR system (Roche) supplemented with Betaine (1 M). Following Southern blot hybridization, autoradiographs were scored by two independent observers. Only bands showing a shift of at least 1 mm relative to the progenitor allele were scored as mutants. DNA fragment sizes were estimated by the method of Southern (1979) , using 1 kb or 100 bp DNA ladders (Invitrogen) included on all gels ESTR mutation rates in the germline of nonirradiated males and the lack of mutation induction after irradiation (Figure 1 ). These data indicate that the pathways involved in repair of double-and single-strand breaks play an important role in the maintaining stability of ESTR loci in the mouse germline, whereas the effects of p53 deficiency appear to be negligible.
We next defined the germline length changes for 174 of the 175 paternal mutations found in the irradiated and nonexposed males (Table 1) . Given the similar incidence of gains and losses of repeats in control and irradiated males, the data were aggregated within each of the p53 genotypes. The distribution of ESTR mutations did not significantly differ between the p53 genotypes (w 2 ¼ 3.48, df ¼ 2, P ¼ 0.175). To analyse the spectrum of ESTR mutation in more detail, the distribution of length changes was compared in all genotypes (Figure 2 ). Most mutation events involved the gain or loss of a relatively small number of repeat units and the distributions of length changes were indistinguishable between mice with different p53 genotypes. Taken together, these results suggest that the p53-deficiency does not affect the structure of ESTR mutants in the mouse germline.
On the first glance, our data are at odds with the results of previous studies showing considerably elevated somatic instability of the p53 KO mice (Morris, 2002) , though some of them reported the lack of measurable effects of p53 deficiency on the accumulation of somatic mutations (Sands et al., 1995; Chuang et al., 1999; Chang et al., 2001 ). This apparent contradiction can be resolved by the fact that the loss of p53 function mainly results in the accumulation of gross chromosomal abnormalities in somatic cells. For example, the analysis of protein-coding genes revealed substantially elevated frequencies of spontaneous mutations in the p53-deficient mice (Shao et al., 2000; Liang et al., 2002) . It was also shown that the frequency of large deletions, but not point mutations, is mainly affected by the p53 status (Liang et al., 2002; Yatagai et al., 2004) . It therefore appears that the enhanced mitotic recombination mainly accounts for the increased mutation in the p53-deficent cells. These data are consistent with the observations that the frequency of somatic homologous recombination in p53 KO mice is elevated (Bishop et al., 2003; Lu et al., 2003) . As a result, a significant proportion of mutations detected in the p53-deficient somatic cells results from a complete loss of entire chromosome segments (Liang et al., 2002; Yatagai et al., 2004) . These events could play an important role at the initial stages of carcinogenesis and contribute to the increased susceptibility of p53 KO mice to spontaneous tumours (Donehower et al., 1992) . However, large deletions and other gross chromosome aberrations may not be tolerated in the germline or, most probably, in the early development. The results of numerous studies on the human spontaneous abortions clearly show that over 95% of the de novo chromosome abnormalities are eliminated in utero (Boue et al., 1985) . This means that the majority of the p53-attributed Figure 2 Spectrum of germline ESTR mutations in males with different p53 genotypes (Kruskal-Wallis test, P ¼ 0.16). The data for control and irradiated males were aggregated within each of the p53 genotypes. The progenitor allele was assumed to be the paternal allele closest in size to the mutant allele events in the germline may later result in prenatal deaths and therefore would not be transmitted to the offspring.
In conclusion, here we have shown that parental p53 deficiency does not affect the frequency and spectrum of spontaneous and radiation-induced mutations detected in their offspring. Since the pedigree approach used in our study relies on the detection of mutations transmitted from parents to their offspring, our results do not necessarily imply that absence or reduction of p53 cannot affect mutation rates in the mouse germline. Since large deletions previously observed in the p53-deficient somatic cells may result in prenatal deaths, the effects of p53 deficiency should further be studied by scoring mutations in the germ cells. Indeed, a recent pilot study has shown that the frequency of radiationinduced chromosome translocations in sperm collected from the p53 KO mice was significantly higher than in the wild-type isogenic males (van Buul and van DuijnGoedhart, 2002) .
